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TEraAfLUU n nnorTTirm vl ' NTIQN 
copolymers of , m n U oro«hyi«.« £ 

co mpos,r.o n . r.e- Ih« «■» P P or amorphous. 

, 5 polyn.tr. . fluoropolymtr my b. pmr-W • per fluorina K d 
pte „c « elastic. Amorphous o TFE ^ ^ 

20 higher, are desired. hexafiuoropropylene (HFP) 

Certain copoly^fW ^ " > 
are known. For example. Bro & Sandt ,n U A Patent 2 
TFE/HFP copolymers with HFP ^.^^^ 6 . They use a 
«*, herein caned There are 

25 multiplier of 4.5 to convert HFP1 <° copolymer, having HFP 

freq uent refcrc " " 

content of from 6.75 to 27 wt /. app ^ workcrs m 

1.5 to 6 HFP1 range and 4.5 multiplier oy d 

the field have refined their compos.«ona cal* ^ Hfp 
generally use multipliers in the range of 3.0-3.2 to 



30 _ 

content in wt% |QSes partia i ly 

Morgan m U.S. Patent JU ^ fey 

crystalline TFE/HFP copolymers havmg ^ s ^ a 

a semi-batch dispersion polymenzat.on^ ^^of the copolymer 
high concenuation of surfactant can .mpede 
resin and that surfactant concentrate should be less than 
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•KM* less to 0.2 WH. based on Ihe aqueous medium. Surface. 

5 con.a,mngup.o20mol/.of» ^ ^ convert HFPI 10 HFP conicm 
copolymers, a correspond .0 an HFPI of 

mPPl on 57 U>e highest .eve. aclual.y achieved. The conlmuous 
(HFPI of 2.57) was u> eR ftom somt alsavalMgK . 

cooolvmer~asoflheorderofon.yO.lkgA.hr. 
P " Khan discioses .ha. TFE/HFP dipo.ymers having HFP 

, eve ,s of HFP mcorporalion. ^ ^ 

copo,vm«s. SEU— »" «— ° f r ™ ~ 

HFP content of about 25 mol/o as esuma Elcutcrio's method 

me puiyiii reactive than Thb. 

- ifo ™ n::"" -i-d - — 
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„™e»hle electrode comprising mixing cartoon blacic, 
P p ™^-M «• ~ ^ surface. freeam, *<* — • a»< 

. ^^"jiSiYtir— — "™" , 

° The mvemion provides . unifomr amorphous copolymer 

.none 

he M rmoropropy,e»e. having «« > mo,%. In 

embodimenr of the invents. HFP conrem " »°"> r 

at least one comonomer selecieo irom nu fr 

rero oved immediacy from .he po ym« • * P» - ^ 
reMlB ,han if ware, removal ,s delayed. 

simultaneously. fiirlher D rovides a coated anicle comprising a 

The invention further proviacs a m „ m hniis 



35 . 

content of up to 29 mol% 
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in another embodiment of the invention, the uniform 
■.• „i m irelle concentration of said surfactant. 

» - of-, deHved from HFP - = ^ * .,„ . 

,ha, .he hea,of hssion - [£ .„ „ 

25 seeing ». f ^ ( su£h 

„o more *an abou. 3 J/g, prelerably ^no 

endows. ifB«u...y ^■^TJ^ „ ,„ E e rdariv. 
calculared heal of fiis.on at rhese levels J 
Generally, no endrnherm is seen ,n a second DSC heaung 
,0 endorhem, is of .is — can 

con* „„* Sm one or « addieiona, „ U o_crs 

^.d from n„o,o,ef,ns having 4 ,0 , , » = - 
O—ahars. Fto f' e ":,nvCC"rfl«orool.r.ns. 

formula CF : = CFO(R'/0) K R/. wherem k ., Oo. R / 
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branched perfluoroalkylene of 2 .0 6 carbon Moms «d R/ to 

j^Koi or acid The cster-fiincuonal 

U S Pa. m 5 3.0.838. Additional ftoorovin,l«h«s include 
CF^OCF,CF,CF3,UO<CFACOOH and its carboxyhc a. 
CF^F l ,OC F X F( C K) )UO.C F! » ; COOR - 
15 Patent 4.138.426. In these formulae, m - 0-3. n M.p 
methvl or ethyl. P-efened such fluorovinvlcthers are 
r-o ^FncF,CF<CFiP(CFihCH,OH and 
^S^OOH. These fiuoroviuylcthers are 

7 H rtf became of the r availability or their ability .0 tncorporatc 

include alky. fluoroviny, emen such as ^'^^Uo^ 
3.159.609. The additional comonomer does no prevent h rp 

c„„tain,n 8 on « « _ c(jpo|ymer of , his _ 

mhous as defined above will typically have HFP content of 
mat ts amorphous as detineo (S u,, em «,ts of 

30 from 20 ,0 29 ^r?£?J£Z£ content refer .0 units 
copolymer composition . umns c^comono ^ ^ ^ 

occived from J (U 5. Patent 3.062,793, 

is in surpnstng cont«* *»■ characterized by subsramial 

ofa dipolymer havtrtg -5» ^ rf ^ 

35 crysralltmty. This difference ts a , , he sense of 

invention ^^ZlT^Z- From the nature o, 
the distribution of TFE and ™" inui - 
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Eleorerio's process, one would e=cpec, polymer termed <ariv n *. batch 
,o be rich inTFE onto (and more crystalline, or more Itkely ro be 
I!, and me supply ofTFE monomo, in me raacrion vessel .0 be 
ZZ> J me po.ymerta.ion reactton progressed. Consequent^ one 
5 woo expect polymer formed ,a«e in me barch ,o be redely rtchtn HFP 
units, and sequence* ofrwo. three, or more HFP utttts . , 
concentration coold occur. As shown by Comparauve Example **• a 
S copolymer containing 5, wt% HFP onus - 
Eleurerio's procedure did in fact conutin high concen.ra.tons of HFP dtada 

10 and triads, indicating a lack of uniformity. 

In another embodiment a TFE/HFP copolymer ol this 
invention ma, is amorphous as deftned above also contains copolymer,^ 
Z of a, least one comonomer selected from nuoroolcftns conmtntng 4-8 
In atoms and noorovinylerhers. said copolymer —^Zl 
,5 units of HFP and said comonomer combined to cause the copolymer to be 
™™h™, 5 with HFP and additional comonomer being in such 

si copolymer has g ,ass — 
about 20«C preferably at least 25-C, most prctcrably at least 35 C. Th.s 
opo vlr can a.so have HFP content of 20-29 mo.%. but the Pjese^e of 
20 additional comonomer enab.es HFP to be present at less than 20 mol /. 
while still obtaining amorphous copolymer. 

The copolymers of this invent.on usually have melt viscos.tv 

- • <v„ m t Pa s to 10 x 1 03 Pa s. Although a high HFP. or 

(MV) in the range trom I Pa s to iu x 

25 ZTSZTnTL* having lower comonomer content benefit 

from having a low MV to eliminate rraces ofcrystalltmly. 
from havtng ^ of ^ 

Characterized by oniform distribution of HFP units in the copolymer. Tfcs 

3„ means tha, most of the HFP ^^.Is diads 

as neighbors, and only a mmor pan of the HFP unto p 

The fraction of HFP units in the polymer present as nrr 
^"determined as described bclow. is generally leas ft. about 
35 0% preferably less than about 5%.T,iads may not be detecmb e 

ndtfing a hi* degree ofuntformity for copolymers having htgh HFP 
HI The amorphous TFE/HFP copolymer of this inventton can be ,n 
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the form of a dispersion of small resin particles in an aqueous medium. 
The dispersion particles can be unusually small, with average particle size 
tvpica.lv in the range 0.01-0.15 um. usual.y 0.02-0.1 nm Because of the 
small particle size and the amorphous nature of the copolymer, dispersions 
can be transparent and very clear. 

The polymers of this invention may be made at least by the 
method known as aqueous dispersion (emulsion) polymerization and 
aqueous dispersion polymerization in the presence of a solvent, but with 
special parameter as will be explained hereinafter. 

The minimum HFP partial pressure that can be used to make 
the amorphous TFE/HFP copolymer of this invention by the P™« 
semi-balch process is about 500 psig (3.5 MPa) out of 60 psig (4.2 MPa) 
total monomer pressure. HFP partial pressure is preferably about 525 ps.g 
^7 MPa) mo' preferably about 550 psig (3.9 MPa) out of 600 psig total 
,5 monomer pressure. Higher, or slightly lower. ^[^"^ 
ma y be used, in which case HFP partial pressure should be adjusted 
proportionately^ ^ ^ ^ ^ ^ h . gh dispersion 

oarticle surface area (small particle size) in order to enhance reaction rate. 
20 w^lh is suppressed by the high concentration of HFP 

desired high levels of HFP incorporation in the copolymer. In the p ocess 
of this invention, surfactant concentration of at least 1.5* the critical 
micelle concentration is used to achieve this objective. Preterably, 

•• „ ;c t ft* more oreferablv 2.5x the critical micelle 
surfactant concentration is 2.0x. more prcicrau . 
25 concentration. Such concentrations of surfactant have generally been 

" conccnu *" FnrourDOsesofthis invention, the cntical 

avoided n prior art processes. For purposes oi 

micelle concentration is defined as the critical micelle concentration as 

helmed at room temperature. The properties of the surfactant-water 

s'em under polymerization conditions are uncertain, but advantageous 

30 results suggest that micelles may exist. 

30 gg ^ dj ^ ion ^ crit . cai micd|e conccntratlon , for CX am P le. 

see Kirk-Othmer. Encyclopedia of Chemical Technology, 3rd Ed Vol. 
2<> pages 344-346 (1983). As discussed therein, the critical micelle 
concentration is the concentration at which surfactant molecules form 
35 aggregates called micelles. This property is characteristic of each 

olvent-solute system, and may be determined by meatmen, ^of various 
properties of a solution as a function of surfactant concentration. For this 
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• . m ;relle concentration was taken as the point on a plot of 
work, the cnucal water at which the rate of change of 

sur face tens.on ^^"c^o, became very low. Surface 
surface tens.on wUh «ng ^ ^ ^ 

• ™Z:lt™^ latinun, b,ade is immersed in the liquid, the 
3 S J5S^ «He force on the blade is measured with a torsion 

WirC ' The required surfactant concentration relative to its critical 

,0 commonly ^T^oV and muniples of mis va,u. would be 
T" ° *TJ £ Lons. *e surface desirably has 

d f Cosed in U.S. Pa,en, 

perfluoroalkvl elhane sulforoc ocds sold as Zonyl 

surtbclsn. (Do Pom Company, which also has a cnnca, m,ccllc 

M concan.ra.ion of abou, 0.003 mol/L. is prelanrcd. 

Temoeramresinlherangcofabou.95 -lia c.prc. 

«,. ,os-C arc "J* - om ^ hOUS WBW? '"I L 

25 103 ^ ° tlmrs commonly employed in emulsion polymenzauon 
„r TTF. cooolvmers are w«e,-soluble free-radical ini.ia.ors such as 
of TFb copoiymcii „-nifjite fKPS) or disuccinic 

ammonium persulfaK (APS). po.ass,um penmlfa<e CKPS). 

jo ^.^^.^^frrjicm. 

solul ion of ^ ,„ dlop as poiymenaauon suns, and 

„ is preferred^ p» - . , , period ^ 

regulate the polymenzat.on. An altemat.ve proc 



8 



PC17US9«/01483 

° f *£? m s ev„a. MM "P**» *■ , 0 
mere arc „ mmon with most alternatives first to 

TFE/HFP copo.yn.emauon. 1. " ^ ^ desirsd , Mal 

w „«, ail HFP monomer and then to aao i r ^ 
5 precharge all HFP m» .^.^ |njecUon and 

pressure. Additional TFE is men auu be adde(J 

reaction KickotTto maintain the chosen^ « ^ ^ 
.aconstantrate. with agitator ^J^J^ 
decrease actual P^T^T^ speed may both 

10 pressure, A»^£^tc««y t0 maintain the constant 
be held constant, with TFE added as , vmcrizat ion in stages 

pressure. A third alternative ^ TO fecd rates. 

15 PrefCITed ' The HFP monomer is much less reactive than the TFE 

ht the HFP /TFE ratio must be kept high to assure a high 

kinCt,CS UndCr "'Tithe 
incorporat.on of HFP. P - monom ers throughout the 

conditions also requires a constant ^ ^ 
20 polymerization in ^ »^ h ^^d^ -onomer 
consistent throughout the batch one wit ran d i stributioi , Since the 

TFE is much more reacuvc u» 

pre .c to ,e plua subse q ue„, - - 7; *, l , hc M or ,he 
additional comonome, .mo *« P ^ ^ 

comooomer and the amoun. o be descrite | above. 

30 Tbe ba,ch (inc.ud.ni ^ „ itica , mi «„ e 

concentration, to make the amorphous ^cop teMmeri c. Such 

be used ,o make other "~*^JT.-rfW^ *» 
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50 x 10 3 Pa s. preferably 0.5-10 x 10 3 Pa s. Such fluoropolymers are 
copolymers of at least two fluoromonomers. including those disclosed 
above. Of particular interest are copolymers of TFE with at least one 
other fluoromonomer selected from fluoroolefins containing 3-8 carbon 
5 atoms, fluoro vinyl ethers, and functional fluorovinylethers. HFP is a 
preferred fluoroolefin. Preferred fluorovinylethers include PAVE. 
Perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether), and 
perfluoro(propyl vinyl ether) are preferred PAVE. For TFE copolymers, 
the amount of other fluoromonomer is usually sufficient to reduce the 

1 0 melting temperature of the compolymer significantly below the melting 
temperature of TFE homopolymer. but not enough to reduce the heat of 
fusion below 3 J/g. For making such fluoropolymers. the surfactant 
concentration can be at least 1.2x. preferably at least 1.5x. the critical 
micelle concentration. Utilizing a surfactant concentration above the 

15 critical micelle concentration in the process of this invention leads to 
improved results, for example, enhanced incorporation of less reactive 
comonomer or enhanced reaction rate at constant copolymer composition, 
or both. 

While concentrations of surfactant exceeding the critical 

20 micelle concentration produce desirable and unexpected results in 

polymerization, they raise concerns about isolation of the polymer from 
potentially very stable raw dispersion, i.e.. the product of polymerization 
in the polymerization liquor, and about high residual concentrations of 
surfactant on the isolated polymer. One aspect of this invention also 

25 addresses these problems. 

Traditional techniques known in the art (see U.S. Patent 
5.266.639. for example) for isolating polymer from the dispersion 
polymerization medium sometimes achieve incomplete recovery of 
polymer solids from the medium of this invention. This is probably due to 

30 a combination of stabilizing effect of the surfactant in its high 

concentration and the small particle size characteristic of the product 
produced by the process. However, it has been discovered that essentially 
complete recovery of polymer solids from raw dispersion can be achieved 
by an isolation procedure comprising freezing of the dispersion, 

35 subsequent thawing of the frozen dispersion, and then separation of the 
polymer solids from the thawed frozen dispersion. It has also been 
discovered that the time between thawing and the removal of the liquid 
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recovered sol ds. «* * 

increastng as the ..me between » 4 rcmova , of to towed 
5 Tta. is, immediate removal of .he towed «q ^ 
„,„*, simultaneously with town* of *« ^P 

sleun. .0 be removed wrth ^tm «P« 

. ™«-<nlids The freeze-thaw isolation process is anu 
polymer sobfe. Th ^ ^ ^ f 

invention. This aspect oi in polymerization medium 

„ nuo,opo.ym« solids from ^"^^o'me essentially 

copolymer, pr^ced*^^^^ 
, 5 freeze-thaw >sola..oo method of IM ^ As 

various procedures for „ remove 

will be shown by an example below. ,t a a J of , he 

20 S^CCw.voUinsoot.tspa.oftheisolatmn 
process of <*^~ „ „ f inveMion for isolating 

2S advantages over pnor an process* l ^ rf ^ 

«~ -d in polymerizarion - 

Perhaps most significan « consid ^ ^ ^ ^ |n 

While the freezing step of the process _ can ^ 



11 



WO 96/24615 



PCT/US96/01483 



10 



. i Thu<; tor example, the body can be 
- * " T T 3 " «T-hl " ,a,ive,y Onn-waUed 

disperse with the roll axis para ^ fee remove(J 

,„ powde, o, pelle. torn, >be <°P*™ * ™ ^ theraloptaslic! 

anicte include film, ..tag, hose. ».« .«**» 
ine.udm t »ir«ins«l.»on.ec^^^^ 
:5 m „,d.d items, blow-moided an,c.«a. border ue 

,. miMKS and od,er «^ -.J- of , bis 

0*n«l ctoac.cns.ics make use amorous ™^ _ 
m v,nMon suiub.. fc, uses no. .ccass.bl o pno m £fl P 
becaose ponies ware inappropna. : o , b«-« J 
50 .amperes waa. » higb. F. — ' ^ High 

in ven.ion can ba used as . -* ^ d , squali f, e „ lhEm 

processing umperMures of pnor-an pern P io|erale 

fo, use in conjunct «W> "»» ma,C " i '' S 

e *pos„,e - '^Z^s TFE*FF copolymers of , bis M. can 
35 ,„„, Thaas-oolvmamed<ra>vldispm.on maybe 

r«d"bTX-e^ f nbasade^s,abi„,a»d,o. 
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blended into the TFE/HFP copoiym r- ^ ^ 

h in sohrfon in hi 8h .y <—> -'^ 0 "1 P-idc stable 
composition, they « — 7^1^^ «. peeled 
solutions .1 ambient tempetaturo. P^ u "'" 12 5 al01nk 

as solvents, but tluorinated compounds h.vmg up to 
, percent (..%> byd.o,en and/o, about 37.5 or 

0 ^ i-metKvidecniin, 

pcrnuoro(tetradecahydrophenanthrene). perlluoron p 

perfluoromethylcyclohexane. perflu orob.pheny 

pcrfluo^ohexy^^^ J^^L* m ay a,so be 
25 nitrocen-containing solvents such as pen.uo v 

used" Preferred solvents are perfluorodecahn and 
perfluorottetradecahydrophen^th^ rf ^ 

r^Tp"r MB .J^ 

tee d — ; ^ solulions of the — > ™ 

possible to achieve end results that could not ^ 
available pcrfluoropolymets o, could be achteved only 
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wavs These results include any of the results lor which polymer 
dispersions and solutions are used, such as coating, encapsu anon, and 
impregnation. The TFE/HFP copolymer dispersions and solutions of the 
ZrL can be employed in any of the methods by wmch such systems 
arc known to be used, including dipping, painting, and spraying. 
Normally, the dispersion or solution is deposited in place tn the wet sta e. 
TeTeposit is drie* and the dried resin is fused or consolidated therma Hy. 

The TFE/HFP copolymer dispersions and solutions of this 
invention can be used to make coatings on a broad range of .utawte 
material, including metal, semiconductor, glass, ceramic, r factory 
material, dielectric material, carbon or graphuc. and natural and 
Tvnthetic po.vmer, The substrates can be in a broad range of physic* 
forms, including film or paper, foil, sheet, slab, coupon, wafer w,re. fiber. 
« cylinder, sphere, and other geometrical shape, as well as m a 
Lv unlimited number of irregular shapes. Coatings can be apphed 
by methods known in the art. including dipping, spraying, and pamnng. 
For p ne substrates of suitable dimension, spin coating can be employed. 
Porous substrates, including those made from nuoropolymer such as 
polytetrafluoroethvlene. can also be coated or impregnated. These 
i de . for example, screen, foam, microporous membranes, and woven 
n non-woven fabrics. In making such coating, the water or solvent can 
be driven off bv heat leaving a dry TFE/HFP copolymer coating. 

Ratings of the amorphous TFE/HFP copolymers of tins 
invention can be a sole coating on a substrate, or a component of a 
iSTer coating. For example, a TFE/HFP copolymer coaung of th,s 
Tnve fio can be used as a first or primer, intermediate, or final coaung in 
invention mil ^ „,«,._, The coatines of this invention 

a multilayer fluoropolymer coating system. The coatmgs o 
include coatings resulting from several successive application of 
l ZtZ or solution to increase coating thickness to desired level, 

P Coatings of this invemion can consist of the amorphous 

TFE/HFP copolymers of this invenuon alone, or of the TFE/HFP 
YJ^Zrs admixed with minor amounts of other materials either soluble 

Z Tor the solvent or dispersed in the coating dispersion or solution. 
1 minor amount can be up to about 10 wt % based on the combined weight 
it of TFE/HFP copolymer and additive. 

Specific coated articles are wUhin the scope of this 

invention. 
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• Coated articles include polymer extrusion dies and molds for 
rubber and plastic pans, such as o-rings. bottle caps, golf balls, golf ball 
covers, golf ball cover half shells, and the like. The TFE/HFP copolymers 
of this invention, both as-polymerized and after fluorine treatment can be 
used in coatings. In the case of dies used for extrusion of polyolefins. ,ns 
preferred that coatings be made from as-polymerized resin because such 
coatines are more durable. Both interior and exterior surfaces of extrusion 
dies may be coated to. respectively, facilitate extrusion and alleviate d,e 

buildup. . . 

Coated articles include gasoline engine carburetor parts. 

internal parts of internal combustion engines such as valves and piston 
skirts- razor blades: metal containers such as cans. pans, trays, vessels and 
the like- metal sheets and foils: continuous metal belts; metal rods, tubes, 
bars, profiles, and the like: bolts, nuts, screws, and other tasteners. 

Coated articles include an article bearing a machine- 
readable marking on at least one surface, especially but not limited to a tag 
that can be attached to another object to provide information about 
inventorv identification, contents, ownership, hazards, operatmg 
conditions, or maintenance requirements, for example 

Coated articles include wire forielectrical and mechanical 
service. In either case, the metal wire may be solid or stranded. Wires tor 
mechanical service include catheter guide wire and the actuaung w.re ot 

push-pull cable. 

Coated articles include rubber o-rings. seals, bcadmg, 

^5 easketing. and the like. . 

" Coated articles include paper and textile materials, including 

woven fabric including glass fabric, non-woven fabric, felts, and the like^ 
fibers including filaments, yams. e.g. staple and continuous filament, and 

strands. foams, membranes, and the like. 

Coated articles include optical fibers in which the substrate 

is a class or plastic fiber. 

Coated articles include optical elements, wherein the coating 
functions as an anti-reflective coating to reduce or eliminate reflection. 
Such elements include viewing screens, windows, televis.on screens or 
faces, computer monitor faces, and the like. 
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Coated anicles include sen.iconduc.ors. semiconductor 
^—.icMOTB media including disks, photoconduclors. 
"dcCs Iconic assembles, and the 1 wherein One coaling 

ro , y oc very thin ,„„ comptising ,„e amorphous 

bond mo anicles .ofcurer. The coaunj m y he 
- ? " -ST,,- ST TJZ™«o ales, a, 
'° ' S .Toatcd^ cimpnsin, a subsume coated with 
,0 leas, one of whtch » • ™T mc cmfmia , contact such that 

*■ compOSi "° D "S^tTcoated substance. These two articles 
one of me contact n. surf » h „ brough , tofe ,he,. 

* i" f« * ' Sm! " rlTbe ITo Wed in the bonding, i.e.. the 
^ more ttan two may be „ f „„ 

, 5 bonding method of mis mvenuonu ,„„ are Conforming 
a „ic,es. **"J^££5M.c-m is heated above 

,ogeth.r. Pre beam "f ^^.^of, high concentration ot 

if the coating is applied iron, a formation. Withlhe 

copolymer in high* fiuorinaied so vent avm £ rf 

enicles in conformin aeons. . P— ^ ^ ca „ bt an 

35 comae, for a time suffic en, .0 • «'£ ^ ^ bonded 

„,emal force or can ansa from me weign ramre . 

"*i cTpolyme, of .his 
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u • ,m,lt index of 20 or more, may suffer processing 
example, those having o melt index of )astic 

difficuhies. Such po.yo.ef.ns, ^ "^*JL or 
hvd ,oc*rbon po,ym=r obrain*. forroula CH 2 -CHR' 

; wherein K is ■» -M ra ° ,ca1 ' TT °' ble , 0 te following: 
- >n panicu.aMhis inventton " ^.density type 

F1 „„ropo,ym.r compositions -e defined * infrnred 

,5 WE«FPcopo.ymer,Foonertr^f<™."^ * 

em p,oyed in ft. melhod desenbe . WLT «- ^ , , ^ ^ 

«. method, me peak ., these exact 

■ *" m ZZ^ t. ; he peak absorbances. HEP content is 
wavelengths -""V*^ , he rMio of lbe rwo peak absorbnnces. 

. n. 0 095-0..05 mm mick films pressed « 350 C. 
FT1R spectroscopy on 0_095 0^ j? ^ ^ „ M 

PEVE »« deiermmed from an intrar bsorb!1 „ ce ,„ 4.25 pm 

ca.a.to^in^as..3».h«™»°^ 9 j; ^ tandal ,„ , „ 
25 ah3orh.ee. PPV, >- — * ^ ^ absolba „ce ,o 
was calculated in wt% as 0.9 - * ™ 

, 25 .hao^e. ^ o( ^ fluwopo ^ined by 

ASTM melhod D.»M2T modified as deseed £ US. ^ ^ ^ 

defined by DSC by Use meOiodof ASW £59^ ^ ^ 

35 convonriona.. melring ""^^ niam 0 «,g„ed to yield a va.ue for 
ofthemeliingendothenn. I- or mens 
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eto uansnion remperarore <T,). sample «m coded .o O'C before 
hra ,i„g was sranel ^ ^ ^ panjcks „ po , ymtriKd u „ ra „ 
dispersion panicle J* (RDPS). war measured by phoron correlanon 
specroacopy.^ ^ bujon £opo , yme[ was d by 

>*F NMR using a Broker AC 250 NMR unil operating ar 235 MHz. 

PoivnT^pler as 3-5% (wVvoi, soiorions in be^oorobenzen. were 
Polymer samp ^ > Mm)w bor£ probe 

T^Z'ZXT^ of HFP units appear a, -,83, 
' X -"-T79.5 ppm for HFP units present as head-to-taU 
.solated HFP umts. 1/ PP hea d-to-taU triads. It is 

diads. and at -177 ppm for HFP un.ts presen 

uncertain whether or not the integration for the HFP triads at PP 

copoiymer. he fo ,, owi „ g . unless 01hsm , se s.ared. s,»,.d soiurion 

K ro~!nes,abHsbed coneiation of dispersion speciftc gsavtty wtm 
the gravimetric method. 

Fian-pld 

A cvlindrical. horizontally disposed, water-jacketed padd e- 

30 and a water c.pacry of 79 pans by wcgnt . 

mineralized water. Tbe reactor ^„ £ 

with TFE. and then evacuate .gam. TBS surfacu „, „ 

TnTj^ — wl^^reacror wi.b ano.be, 

temperature had become steady al 103 C. HFP was 
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pan of a freshly W-J^o'^ „f ^ persulfare (KPS, 

— V Tnc TFE feed was men 
^d hTreactor was cooled wid, .he mi.«<or feed co.tmu.ne and 
™X ^n *. .emperature of the rea = n,s 
t ™chad 90-C initiator pumping and a|i.a.ion ware flopped and .ha 
1 ™lvcn"d. Atave„,ing,on M ,ly..mosphericpmssure^ 
c o w" puaaad with nitrogen .0 remove residua, monomer. The 

coagulated by v.gorous sumng. The we, po ^ 
co.gui.uon was compressed . «^miFF copolymer resin 

dried in a ovulating a., oven a .50 C The ^ 
!5 had an MV of 3.7 . I0> F*£ - H " J , of 244 . c 

400 ^ ^ W2M I Cooler resin isola.ed from a separau 
and . hca. of fus.on of 2U I* C ? ^ ^ of 

ttZZZZZ: * less dus W than me sample 

rate, expressed as pans of polymer produceo pe 
per hour, was 0.22. 

A polymerization was carried out similarily to Example 1 
A poiyme sur factant was 0.06 

35 except that the initial water charge was 502 pans ^ ^ 

part of ammonium perfluorocaprylate (C-8 and was p 
water, the HFP addition was made to a pressure of 450 ps.g (3.. 
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the amtator sped was turned on a. 42 ^charging ™« 3n<i 

product restn had an MV of 7.4 . W * rf ^ 

Copolymer ,so ' alC ' 1 fr TwflU art. was free-flowine, 
fteezin* and drawing had apparent density of 600 g/L. was 

par^an-volumc/hour. lass .han half that of Example 1 . 

A reactor similar to that described in Example . but with a 
15 tvate, capacity of 8.2 pans by weigh, - 

***** wa- * reactor w as hea ^ C £. ^ ^ 

r:!^— „oa, rr of 

,• ^«,«i^r The solution was nnsed into the reacior wuii 

r;r»n was u « » ^ a „d ,„< — ™ r 

.emperamre had become 0066 pan of, 

,„ 625 psig (4.4 MPa) by the addmon of TFE. Then 0 P 
r,~hlv oreoared aqueous solution containing 2.5 wt A Are was p 

30 solution was pumped to the reactor a P 

of Ote poly— - - ^r;L pressure dropped to 

pressure was then brought back to 625 ps.ganom 

35 Ueremainderoft^^ 

agitator speed was held constant at 82 *m After 1- P 
been added after the initial pressureup (213 mm), the TFh 
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stopped and full cooling was applied to the reactor. When the temperature 
of the reactor contents had dropped to 90»C. the agitator was turned off 
and the reactor was vented. When the pressure had dropped to 1-2 ps.g 
(0 1 1-0 12 MPa). evacuation and initiator addition were stopped and 
nitrogen was added to the reactor to give a slow pressure rise. When the 
pressure reached 5 psig (0.14 MPa), the vacuum port was opened for one 
minute while maintaining the nitrogen purge. The dispersion, wh.ch was 
water-clear and quite stable, was then discharged from the reactor and 
saved Solids content was 29.9 wt% and RDPS was 0.07 1 urn. 

Approximately 800 g of the product dispersion was poured 
into a plastic bottle and then placed in a freezer at -20»C for three days. 
The bottle of dispersion was then thawed out in a bucket of warm water 
and the polvmer phase which had separated was collected on a filter. The 
filtrate was'found to contain 0.56% solids which consisted of polymer. 
1 5 residual surfactant, and initiator salts. The polymer was washed three 
times with demoralized water and then a portion of that polymer was 
washed three times with isopropanol (IPA). Both samples were then dned 
in a 55°C vacuum oven under reduced pressure with a nitrogen purge for 
rwo davs. The melt viscosities of both samples were found to be 90 Pa s. 
20 and HFP1 was 10.1 for the IPA-washed sample. DSC analysis showed a 
glass transition at about 45°C and a broad, weak endotherm at about 88 C. 
with a heat of fusion of 1 .0 J/g. NMR analysis indicated HFP contem was 
23.3 mol% and that 2.0% of HFP units in the copolymer were .n d.ads. 
No triads were detected. 

■jc F*amnlt3 

The poivmerization procedure described for Example 2 was 
followed with the following differences: I) The initial water charge was 
4 63 parts. 2) The surfactant employed was 0.021 pan of Zonyl® TBS m 
0 166 part of demoralized water. 3) Also added with the surfactant was 
30 0 0033 part of chloroform as a chain-transfer-agent. 4) The pressure m the 
reactor after HFP addition and raising of the temperature to 103 C was 
552 psig (3.9 MPa). 5) The pressure after TFE addition and that 

maintained during polymerization was 600 psig (4 2 MP.). 6] . Agtuuon 
was at 90 rpm. 7) The first initiator addition was 0.066 part of a 2.5 wt* 
35 APS aqueous solution pumped at 0.01 1 P art/min. 8) Subsequent mutator 
ddition was the same solution pumped at 0.0022 parvmin. And 9) the 
amount of TFE added after initial pressureup was 0.51 part. The reacuon 
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time after resumption of TFE feed was 345 min. The product dispersion 
contained 14.4 wt% solids and was water clear. RDPS was 0.096 urn. 
The freeze/thaw isolation procedure described for Example 2 was 
employed with this dispersion. The TFE/HFP copolymer resin melt 
5 viscosity was less than 10 Pa s and the HFPI was 1 1.2. DSC analysis 
showed a glass transition near 45°C, but no indication of a melting 
endotherm. NMR analysis indicated that HFP content was 27.2 mol% and 
that 2.4% of HFP units in the copolymer were in diads. No triads were 
detected. 

, 0 f-fljppnrativp Fiamnlt B 

An 85 mL autoclave was loaded with 60 mL of 
perfluorodimethvlcvclobutane and 0.25 g of cobalt trifluoride. The 
autoclave was sealed, chilled, and evacuated. HFP was used to sweep .n 
4 25 g of TFE. Enough HFP (about 30 g) was added to bring the pressure 
15 of the autoclave to 93MPa at 23°C. The autoclave was heated to 199«C 
and 296 MPa. and additional HFP was added to increase pressure by 6.9 
MPa to match Eleuterio's condition of 303 MPa (U.S. Patent 3.062.793). 
The autoclave was held at about 200°C for 4 hr and then cooled and 
vented The resulting polymer solution was filtered to get rid ol pink 
20 residues (presumably containing insoluble cobalt compounds), stripped to 
heavv oil on a rotary evaporator, and then blown down to 0.94 g of sol.d 
using a stream of nitrogen. This solid had an inherent viscosity of 0.207 
in perfluoro(2-butvl tetrahydrofuran) (Fluorinert® FC-75. 3M Company), 
closelv matchine Eleuterio's Example II. NMR analysis showed that the 
25 TFE/HFP copofvmer contained 57 wt% HFP, and that of total HFP units 
46% were present as isolated units, 27% in diads. and 27% in tnads. 

FAamnle 4 

The reactor described in Example 1 was charged with 49 
pans of demineralized water and 0.022 part of ammonium 
perfluorocaprylate (C-8) dissolved in 0.088 part demineralized water. The 
reactor was pressure tested at 380 psig (2.7 MPa) and 90'C while 
aeitating at 46 rpm. It was then cooled to reduce the temperature of its 
contents below 30 e C. The reactor was then evaucated and purged three 
times with TFE monomer, leaving a reduced pressure on the reactor after- 
the final evacuation. A valve was then opened to slowly release ethane 
into the reactor until the pressure was raised by 20 inches of mercury 
(0 067 MPa) The valve was then closed and the reactor temperature was 
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• „ ,„ PO-C with the a.iu.0- running a, 46 rpm. After the tenperaturc 
raised 10 90 c wun uk w pressure of 380 

reached 90-C. *e «— - ^"£ ( T^ of 0.25 «,% APS 
psig. A freshly prepared aqueoos solunon ' £ ^ „ J0 

U 1.25 art* methanol «. *«" a-" 4 "*^^. „ psig ,0.07 

, p^rnintne. After **-**^£Z2Z t .a reacror a. 

P MP .) drop in r-r^^SJST^ - P.- of TFE 
, m, so as ro matntatn rhe pressure at « p * ^ 

had been added ,o .he raacror after k ^^„ aclor , rale of 0^ 
of C, ta ^ „. aq «oos 
0 A* W Pj£ ^ wffi ed ,„,„ 

solution of APS (O.ovwi/o, When 2° parts of TFE had been 

m raacror at a - ^ rcKtio „ eOT ,,„»ed 

added ro the reaclot. the 1 f t tec r reactor was 

„„,i, ft,, reactor pressure dropped ,0 M > ■* " ^ 

:r 2 7"oC : — d ':: z ^ — , - * ™ 

copoly-nen, di io „ „ as diluted with 

ill «rf>/ solids and 1 !0 wt% ammomom 

polymerization. disn ersion were frozen. Two 

TTS: dt example, and the thawed 
portions were thawed as ^ ^ ^ 

frozen dispersions were filtered at d iw fi||rB|e 
collected at 89 hr after thawing contamed 237 ppm ^ 
collected at 1 7 hr after thawing coined J 5 P mo ^ ^ 

thawed frozen disperse ^f^™*^ compare d with the result 
filtrate contained 477 ppm ot w- fr ee ze/thaw isolation 

from chemical "M^.^^^e polymer, and that the 
technique removes more of4e«Wj« ^ ^ 

35 amount of the surfactant carried 

between thawing and liquid removal decreases. 
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Another portion of the dispersion was frozen, and the frozen 

conuined 496 ^ tfC* J^J^, ^ fc , imes wW, m 
.hawing * comp ktt . the PTCE «m ^ ^ 

removal of liquid from .ha**! frozen diapers.*.. 

Emnpli i 

' An aqueous dispersion of an amorphous TFE/HFP 

r'T;^=:rr,:r:r^of 

20 found by DSC. The raw d,spers,on w^ » e, le ^ 
.-j u ^ Dnp<: of 0 03 um, and surface tension 01 07.^ . 
sohds. had RDPS of 0J» p Tensioraeler . The raw 
measured by ,he „n m h ^ ^ 
.ispees.on »™« ^ Ae „ dispersl0 „ was „d„c«dro 

. , a r 7onvl® FSN nuorosurfactant (DuPont 
,5 24.2 dyne/cm by add.nl .0 g of Zonyl FSN Ml rf a 

Company) .0 90 g of d.spera,o. Zony FSN s ^ ^ 

nonionic surfae.am in .sopropanol. The °»« 

30 n.w dispersion, as shown in Ore following .able: 



Raw dispersion (g) 
Water (g) 
Zonyi® FSN (g) 
Solids content (wt%) 
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Example i 

This example MM. * fl- c ^* p ' Bd ** 

adh .sio„ ,o g,ass and mcu. — of » J^- ^ 

uhrasomc bad. dned ..150 C for 4 h ^ ^ ^ 

i- rt , n A c TM D-3359. Each coaung was 

scored ^ctad) kn . ft AdhK . ve Bpc was p „ ssed 

sq»rmon 2.5 mrn) us »g ^ ^ coali „ 8s were 

a?ai,,S ' ? ZlovTo^o^ mm to. .he coupons occurred 
room temperature. A<m *jn removal of copolvmer film from the 

> r:— "^r-^^s■r l • i " ,, - 

and metal coupons and resisted the act.on of bo.hng water. 

Einmplc 7 

This exunpieiUusua.es Ore adhesion of an.on.hous 

5 TFE/HFP copper celgs .0 poiynreric subsua.es. susps of 

1^3 . 0.075 inch ,25 ■ 76 ■ , ., ^^roearhon 
po.vn.e.hy.n.e.h.cry.a.e. po. y ca,bo„a.e^lon . 

n^v-tc^P^d*^^.™?^, , ,3.0.01 inch 
coining •-"-^"t^lZ^e-^-^ 
10 (25 „ ,6 x 0.25 m m, were c„, "^^ed wl accone in 

^ph^a-e. and a-JJ^^J * «- • »"< 

„„ uhrasonir .bah, dned a, 70 ,C f ^ 

35 A« coarings —^'^ „ ^ according , 
ASTM D-3359. Each coaung was scored <scr,.ched> as ,n Exampie 
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Aohesi v. rape « pr-d ^ the 

removed and the coaings woe cammed. _* - ^ f J 

copolym* fr.m *. *■ — ftom the warer. 

10 This example illustrates utility of the amorphous TFE/HFP 

0.0 1 D x uj / j entrance anele was coated with 

carbide capita? <"« >»v.ng " 90 e r^X. was dried a. 220'C fo, 2 

hr. A linear low densny polyed* » j,, 

min (GR SN ""^^I^r- cnpilla. die. 
silica .0 ac. as an „ a( , „„ b „„ coated . using an 

and through a con.ro! cap.llao die .ha. r. ^ 
20 ms-ron Capillar Rh.ome.er a. a amp* m «• f M 

of 833 sec'. When the P*^J " «^ and the surface of the 
capillary, -he shear suesa re, u « 4.3 ^ fc 

exuudal. was rough and dtstoneo ou 
pcW.dtyl.ne was exrrudcd thrmtgh .the coared cap lUry 
25 Ldinons. the ah. r „ = -*» «H^« » ^ m 
M „ up and UK surface of 4 « 0 „ e hou , lo4 . 5 « ,0> Pa 

shea, srress slowly rose, ove a P-od »fa ^ ^ ^ 

as dre copolymer coartng was slow y worn ^ 
reached a level greater dtan 3 « 10> Pa. «" 
30 became rough. This shows d»r *. -gT™** SJ> — 
coating acred as an exuusion a,d tha, s J concenlrali(>n „f , he 

extrusion without melt fracture at reduced shear stress. 

Example 9 

35 The^ctorofExampl. 1 was charged with 48.0 pans of 

deminara, J^r. The reacto, was beared to «-C. evacuated, purged 
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with TFE. and then evacuated again. The vacuum in the reactor was then 
used to draw in 0.079 part of chloroform and a solution of 0.22 part of 
perfluorohexyl ethane sulfonic acid surfactant in water ( 1 .7 parts). The 
solution was rinsed into the reactor with another 0.88 part of water. Thus, 
5 the surfactant concentration was approximately 0.0 1 0 mol/L, i.e., above 
the critical micelle concentration (about 0.003 mol/L). The reactor was 
then sealed, agitation was begun at 42 rpm, and the reactor temperature 
was raised to 103°C. After the temperature had become steady at 103°C. 
HFP was added slowly to the reactor until the pressure was 350 psig 
10 (2.5 MPa). The pressure in the reactor was then increased to 600 psig 
(4.2 MPa) by the addition of TFE. and then 0.43 part of perfluoro(ethyl 
vinyl ether) (PEVE) was pumped into the reactor at a rate of 
0.165 part/min. Then 1.10 parts of a freshly prepared aqueous initiator 
solution containing 0.4 wt% of APS were pumped into the reactor at 
15 0. 1 1 part/min. Thereafter, the same initiator solution was pumped into the 
reactor at 0.0066 part/min for the remainder of the polymerization. After 
polymerization had begun as indicated by a 10 psig (0.07 MPa) drop in 
reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 600 psig. The agitator speed was used to control TFE 
20 mass transfer into the aqueous phase so that the TFE addition rate was 
about 0.1 part/min. The average agitator speed required to maintain the 
target TFE transfer rate was 33.6 rpm. When a total of 1 8.0 pans of TFE 
had been added to the reactor after kickoff (180 min). the TFE feed was 
stopped. When the reactor contents had cooled to 90°C. initiator pumping 
25 and agitation were stopped and the reactor was vented. After venting to 
nearly atmospheric pressure, the reactor was purged with nitrogen to 
remove residual monomer. The dispersion was then discharged from the 
reactor and saved. Solids content was 3 1 .5 wt% and RDPS was 0.094 urn. 
A portion of the dispersion was poured into a plastic bonle which was 
30 then placed in a freezer at -20°C overnight. The bonle of dispersion was 
then thawed out in a bucket of warm water and the polymer phase which 
separated was collected on a filter. The filtrate liquid was found to 
contain only 0.09% solids. The polymer was washed on the filter three 
times with a volume of demineralized water equivalent to 75% of the 
35 original dispersion portion volume and then was washed three times with 
similar amounts of isopropyl alcohol. Much of each wash liquid was 
removed by application of a vacuum to the bonom of the filter. The 

27 



15 



,130°C Thcdned 

^: P lof2.04.aT m of281 

Example » * solas «>•"«" °' ** MV of I ■< » 103 ?i> „ 

The p*-t?es£>-*- *zz«* P - 

cMcal n** ! " COnK "" ie suhanl toP" 5 ' 0 " vision a"**"* 

essentially i° *« *T , ,„ contain only 0.1» * 0> pas . an He"' « 
S- "TJir^eC-* ^ M °0 » ' e- eesnUs 



20 



25 



30 



35 



WO 96/24625 



PCT/US96/01483 



pumping rale was 0.018 part/min after the first 12 min of pumping at 
0.055 part/min. Thus, the surfactant concentration was approximately 
0.0026 mol/L. i.e.. slightly below the critical micelle concentration. The 
reaction time after kickoff was 1 1 1 min. The resultant dispersion 
5 contained 30.7 wt% solids and had RDPS of 0. 142 urn. The dried TFE 
copolymer resin had an M V of 1 .6 x 1 0 4 Pa s, an HFP1 of 3.54, and a T m 
of 257°C with heat of fusion of 24.9 J/g. 

Example 11 

The reactor used in Example 2 was charged with 4.85 part.of 

10 demineralized water. 0.012 parts of Surflon® SI 1 1 (0.0051 mol/L), and 
0.0066 pan of concentrated ammonium hydroxide. After pressure-testing 
the reactor at 80°C with 300 psig (2.2 MPa) nitrogen, the reactor was 
cooled to 30°C and it was then alternately evacuated and purged with 
TFE three times. The reactor was then left under a vacuum. Ethane was 

1 5 then fed to the reactor until the pressure rose by 1 0 Pa. The reactor was 
then sealed, agitation was begun at 1 10 rpm. and the reactor temperature 
was raised to 80°C. The reactor was pressured to 300 psig with TFE and 
then 0.074 part of PPVE) was pumped into the reactor. Five minutes after 
completion of PPVE addition. 0.66 part of an aqueous solution of 

20 0.25 wt% percent APS was pumped into the reactor at 0.066 part/min. 
Thereafter, an aqueous solution of 0.10 wt% APS was pumped to the 
reactor at 0.0022 pan/min for the remainder of the polymerization. After 
polymerization had begun. PPVE was added to the reactor at a rate of 
0.00047 part/min for the remainder of the polymerization. The reactor 

25 pressure was maintained at 300 psig by the addition of TFE and the 
agitator speed was varied to control the reaction rate so that the TFE 
addition rate was 0.014 part/min. After 1.96 parts of TFE had been added 
after the initial pressureup, the TFE. PPVE. and initiator feeds were 
stopped and full cooling was applied to the reactor. The agitator was 

30 turned off and the reactor was vented. When the pressure had dropped to 
1-2 psig (0.1 1-0.12 MPa), nitrogen was added to the reactor to give a 
slow pressure rise. When the pressure reached 5 psig (0.14 MPa), the 
vacuum was applied for one minute while maintaining the nitrogen purge. 
The dispersion was then discharged from the reactor and saved. Solids 

35 content was 26.6 wt% and RDPS was 0.1 14 pm. The average agitator 
speed during polymerization was 99.2 rpm. A portion of the dispersion 
was subjected essentially to the freeze-thaw isolation procedure of 
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, , ha , the alcohol wash was omitted. The filtrate liquid 
Example 9. except that the alcoho rf ^ 

was found to contain only 0 03 so part j all v-crvstalline TFE 

residual « - o"0 8 'C with heat of 

r ^45^^— 403 PPVE - ^ resul f sh z 

5 fusion of 452 J/g. an , surfactanl 

See Comparative ^^^^ 
10 The procedure of Example 1 1 was essentially repeated 

CXC ept that the amount of Surfion^ U w. only 

contained 3.47 wt% PPVE- 
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CLAlM f : A uniform amorphous copolymer comprising copolymerizcd 
units of tctrafluoroc.hy.ene and hexafluoropropylcne contammg up to 29 

of said hexafluoropropylcne units are present in diads and tnads 
C ° mbin T Ute amorphous copolymer of Claim 1. said copolymer having 

copo.vmeri«d unitsTf at least one comonomer selected from fluoroolefln 

contains copo.vmcrized units of at least one comonomer se ected from 
flToroolefin containing 4-8 carbon atoms and ^'^ '^ 
copolvmer containing sufficient units of hexafluoropropylcne and sa.d 
?0 comonomer to cause said copolymer to be amorphous. 

7. The amorphous copolymer of Claim 3. whercn sa.d glass 
transition temperature is at least about 25°C. 

8. The amorphous copolymer of Claim 8, whercn sa.d glass 
transition temperature is at least about 3 5°C. 

25 9. Jeemorphouscopo.ymerofClaimSoro.wheretnsatd 

comonomer is fluorovinylelher. 

°0 The amorphous copolymer of Claim 10. whercn sa.d 
fluorovinvlether is selected from perfluoro(methy. vinyl ether), 

U "a a solution of the amorphous copolymer of Claim 1 in. highly 
first freezing said dispersion to form frozen o.spen. 
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96/14625 

fro «o dispersion .0 to. .ha«ed *™ " 
said polvmer resin immediately an 

"herein said * * 

IStoTS Hn slid dispel to f«m.Ly« of sa,d frozen 

15 hexafluoropropylene. substrate is metal 

18. The coated article of Claim 17. wnerei 

aod s-^^V,, Qf Claim 17 . wto ein said aniCc is a «M 
M fM "*S SSS* »f Cain, .7. "herein S3id anicl. is an 

25 iconic device « ™°Xch polling a, ,eas. <wo 

n„„,omonom.,s .nan aqueous m ia , ly . crvsl . 1U „e 

an aqueous disperse of ™ u -» bnc ™ e ' - d nuoroIM , n omers. said 

flu^ T — ^rrj-..„s, 1 . 2 ,i m «s ai . 

30 surfactant being present m d 

«*W miceUe -—"^J S ~ id »«*ft~ is a 
24. The process of Cla.nl 23 wne e, rf 
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6 H066I ET AU 'Copol«. of 

tetrafluoroethylene with 

SSrot??fluoroethene and with 

bromotrifluoroethene 

see page 1104, paragraph 2 
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